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ABSTRACT

Microclimate data collection and analvses were made in support of an ecological study of changes in
tranzmmission cyeles of insect-Lorne diseaze during a threesyesr period of construction of a hydroelectric dam,
The dam will couse impoundment of some 300 km? of tropical forest in the Bayano River Basin, Panama.
The pre-impoundment microclimete appeared to be one of strong seazonality with appreciable changes in
the wind Aow, sensible and latent heat fux, evaporation, rainfall and humidity. Average daily net radiation
balance was 106 W m=2 above the forest canopy and 46 W ™ on the foor of Lhe Torest. The moisture balance
of the forest indicates an annual rainfall af 2 mof which | m reaches the fleor of the forest, An appreciable
amount of rain is intercepted in the forest canopy. The evaporation and runaf on the forest foor are both
about 0.5 m. Average daily wind speeds are light, varving from 8 km day™ in the rainy seazon to 126 km
day™t in the dry senson. Foological significance was feund in the nocturnal unstable wertical temperature
profile of the forest and the associated small updrmitz and downdralts which may permil easier vertical
migeation of forest insects at night. Rainfall and light wind speeds during 24 h peciods of collection seem 1o
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appreciably affect the activity of the most abundant man-biting species of inseels,

1. Infroduction

The challenge of the present cnergy crisis is cousing
many Latin American countries, =uch as Colombia,
Salvador, Surinam and Panama, which lack natural
petroleum reserves, to shift from fossil fuels to hydro-
electric power as a source of energy. In Panama alone
there is one such hydroelectric dam and reservoir which
began impoundment of the Bayvane River in February
1976, and there are four addilional hydroelectric proj-
ects that have reached the late planning stages. 1t is
certain that many more man-made lakes will shortly
be formed in the American tropics, and these may bring
aboul microclimatic and ecological changes.

When the construction of Panama’s first hydroelectric
dam was initialed, the Gorgas Memorial Laboratory
undertook & project to studwv and record the changes of
the microclimate and disease transmission cycles in a
tropical forest, resulting from such construction and
the flooding of [orested lands. Changes that occurred
during the periods of preflooding, impoundment and
post-impoundment would then be correlated with those
pertaining to the natural history of infectious discases
that are primarily insect borne. Conceived az an inter-
disciplinary effort, it was the firzt long-term study of
microclimate within a tropical forest which permitted
close examination of the relationship between  the
physical environment and the ecology of insect-borne
disease. The concept discussed here is that while the

formation of a large man-made lake in the tropical
forest may dramatically change the natural transmis-
sion cyeles of insect-borne disease in the area, subtle
and less noticeable changes in the microchimate may be
a major factor in controlling the population dynamics
of insect carriers of disease.

The dam is located on the Bayano River about 70 km
cast of the Pacific entrance to the Panama Canal. The
impoundment is about 300 km® and extends some 60 km
east of the dam (Fig. 1), Within this area, two high
points are becoming “'islands.” In the spring of 19?2i
the Gorzas Memorial Laboratory chose the largest of
these two islands, Los Altos de Maje, to house the
main camp, laboratory and field site as a base from
which to study the ecology of insect-borne forest
diseases such as malaria, jungle yellow fever and
Venezuelan equine encephalitis. In September 1972 it
was decided Lo investizate the forest microclimate where
the insect collections and other studies were heing ac-
complished, The physical environmental factors would
then provide background data for any biological study
during the hase line period of preimpoundment. The
microclimate of 1973-75 in that forest location will be
discussed.

The term microclimate is applicable strictly to the
atmosphere of 2 restricled space, more or less rigorously
enclosed and completely sheltered from the factors of
local climate (Sorre, 1961). Forest meteorology or
climatology is a special case of the climatology of en-
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Fre. 1. Magp of Panama and the area to be impounded in the Bayano River basin.

closed space. It is midway between the climatology of
open space, and that of a building or a room, within
which movement of the outside atmosphere is elimi-
nated almost entively and the meteorological variables
are modified considerably.

The forest area affected by construction of the
Bayano River dam is =o large that any complete study
is impossible. Each forest must be considered as a
gpecific plant community, defined in terms of itz com-
position, functions, structure and dynamics. Fortu-
nately, the forest cover around the periphery of the
Bavano impoundment iz relatively homogeneous and,
as a result, the changes in microclimate and the cor-
responding ecological changes may be adequately in-
terpreted by measurements made at the field site of
Los Altos de Maje. During the baseline period (1973-75)
of preflonding, the main microclimate station was
ideally located on the heights near the river on the
floor of the walley and provided representative esti-
mates of the preflooding microclimate in the river basin,
For the period of flooding, the island location is well
situated Lo measure changes produced by the impound-
ment. The post-flooding island microclimate will be
reprezsentative of a strip of land surrounding the lake
and thus the area mosl exploited by man.

Inn 1972 and 1973, the Bayano River basin casl of
the dam site was composed of uncut forest. At that
time, the main camp and helicopter pad appeared by
aerial view as a wverv small clearing in many miles of
uncut forest land. During the dry season, January-
April 1974, the forest in the river valley was clear-cut
up to the elevation where the flood waters were ex-
pected to rise. This left approximately 3000 acres of
Los Altos de Maje as the only untouched forest land

is that part of the river valley. Where the orizinal
climax forest had been cut and burned, there was
rapid growth, during 1974 and 1973, of a secondary
forest of large-leafed and soft wood trees.

2. Methods and procedures

In the fall of 1972, the principal microclimate station
was established on a hog-back ridge with forested
slopes. From the elevation and location, measurements
were representative of those at the top of the forest
canopy and, hence, of the free air flow in the Bayvano
River basin. Daily measurements were made of the
rainfall, evaporation, wind and maximum and mini-
mum temperatures. Continuous  messurement was
made of the temperature and relative humidity, solar
radiation and rainfall intensity. A secondary micro-
climate station was established about 500 m in the
forest from the main camp. There, a wooden tower was
erected extending 21 m into the canopy. Daily mea-
surements were made of forest rain drip, evaporation
from the forest floor, and maximum and minimum tem-
peratures at five different levels on the tower. From
the comparison of the measurements taken at those
stations, the moisture and radiation budgets of the
forest were computed. Other observations were made
in the forest in support of the biological research in
progress. These included hourly measurements of wet
and dryv bulb temperatures at two tower locations, one
at 1 m sbove the ground and the other within the
canopy, at a height of ~20 m. Wind measurements
were taken daily, and hourly when necessary. A simple
totalizing contact anemometer, which did not require
the use of electric power, was used to measure wind
gpeeds.
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The anemometer was Lypical of the unsophisticated
but practical instruments which were utilized, since the
tropical forest enviromment is extremely hostile o
complex instrumentation. AL two-week intervals, all
instruments were returned to the laberatory for clean-
ing, repair and calibration. For example, anemometers
were changed to prevent errors in measurement, which
might arize as bacteriological growth collected on the
drive shafts, With the light winds experienced in the
region, it was found that an anemometer left in the
field for 2 month would only measure about 505 of
the daily air Aow.

Other instruments, not routinely awvailable, were
fabricated and calibrated in the laboratory prior to
heing placed in the field, To accurately measurce forest
rain drip, a term defined as the measure of through fall
of rain from the forest canopy, while it is raining, plus
the dripping which reaches the ground during the
period of measurement, it was necessary to design a
collector with a surface sufficiently large to provide
representative measurcments, A raingage was manu-
factured from heavy sheet metal, 10 m long and 10 em
wide, which was then located in a forest area represen-
tative of the canopy in general. Each liter of water
collected indicated 1 ml of through fall or forest rain
drip. Fig. 2 is an illustration of the forest rain drip
oare at Los Altos de Maje.

It is difficult to measure evaporation under the hest
of conditions, but especially so in tropical regions of
heavy rainfall. Black and white porcelain spherical
evaporimeters were used to measure the potential
evaporation. The spherical shape of these instruments
approximated the natural evaporating surfaces and
best suited the needs of practicability in measuring
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evaporation in a tropical forest (Read, 1968). The ratio
of average potential cvaporation to the average pre-
cipitation, the potential evaporation ratie (/7)) is used
as an index of biological humidity conditions. A ratio of
LO0 indicates precipilation is equal to evaporation.

When the ratio is greater than 1 this indicates the
water needs of the forest are not being met by the
precipitation alone, and must be supplemented by
the waler in the vegetation and that which is stored in
the soil during the rainy season. This is manifested in
the changing color of the vegetalion from a green to a
yellowish brown, and by the cracking of the forest floor
during the dry season.

The average amount of evaporation from the two
evaporimelers was used to compute the mean net
radiation. The black evaporimeter tended to maximize
and the white evaporimeter lo minimize the amount
of radiation absorbed in the process of evaporation.
The absorption of the natural evaporating surface was
taken to be the average of the two instrument surfaces.
In the tropical forest the main method by which radia-
tive surpluses of the vegetative surfaces are dissipated
and transferred wvertically to the atmosphere is by
evaporation of water. Budyko (1956) and Sellers {1965)
state that the potential evaporalion from a fully wet
surface is very closely related to the radiation budget
of the wet surface. In fact, if all awvailable radiative
energy is used for evaporation and there are no other
energy sources, the radiation bugdget is equal to the
flux of latent heat. The assumption is made here that
the radiation budget of the wet surlace is a good ap-
proximation to that of the natural evapotranspiring
surfaces in the tropical forest.

The radiation budget at the surface of the earth in

Fro. 2, Forest rain drip collector on the forest floor at Los Altoz de Maje,
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a tropical forest may be written
R = Q.&'{" Q¢+IS]

where R is the net amount of radiation absorbed at the
surface, {Jy the energy given off as sensible heat, (), the
energy given ofl as latent heal, and § the storage of
heat which may be neglected in the anmual heat
balance because heat stored in the morning and early
afterncon is almost balanced by heat loss in the late
afternoon and night (Sellers, 1963). The amount of
radiation stored temporarily in a forest on 2 summer
day is very small, about 1%, During the course of a
day there is nearly a complete turnover in the energy
budzet (Reifsnyder and Lull, 1965). On this basis the
radiation budget becomes

R={?r+(_}c~

In the eceans equatorward of the subtropical ridge 0.
iz about 0.1 {, (Simpson, 1970) and near the equator
(), is about 0.05 ¢, (Sellers, 1965). In this tropical
forest of Panama, which is at about 9°N latitude, and
never more Lhan 50 mi from the ocean, a reasonable
value for 0, is 0.1 Q.

Substituting LE for the flux of latent heat, where
L iz the latent heat of vaporization and E the potential
evaporation, and using the ratio (4/2,=0.1, the radia-
tion budget becomes
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Computations of the net radiation were made from
the potential evaporation at the main climate station
and on the floor of the forest at the tower location. It
should be noted that the computations are order-of-
magnitude solutions. Errors in measurement may occur
during periods of heavy rainfall when, for example, on
the forest floor no measurable evaporation takes place
for several davs and, below the forest canopy, the aic
is very stagnant and humid.

3. Results

The net radiation balance is shown in Fig. 3. The
average daily net radiation varies throughout the year,
with higher values in the dry season than in the rainy
season, There are also appreciable variations between
the daily averages and the maximum values during the
month. The average daily net radiation al the canopy
level for both vears was about 106 Wm™ and on the
floor of the forest 46 Wi 2 The average daily total
insolation (f) and radiation balance (&) for the period
August 1974-May 1975 are shown in Fig. 4 and refer
to measurements made at the main camp. The period
December-April was dry season with monthly rainfall
less than 10 cm. The ratio B¢/ > 100 during this period
was about 389, while in the rainy season, it was 239,
These data give an approximation of the percentage of
incoming solar radiation used primarily for evaporation

R=11LE, during the wet and dry seasons.
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Fie. 3. Average daily net radiation at Les Altos de Maje,
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Fri, 4, Incoming zolar radiztion and net radiation, Augnst 1974-Ddav 1975,

Rain was measured with a standard gase ahove the
canopy at the main camp site, and the forest rain drip
was measured al Lhe forest microclimate station. The
canopy Intercept was taken az the difference between
daily measurements at the two locations. Table 1
shows the moisture data at the Bayano River basin

location. When light rainfall oceurs, the rain accumu-
lates in the canopy and does not reach the ground. For
example, in 1973 on 5, 6, 10, 16, 18 and 26 Fuly, there
was 1 mm of rain measured at the main camp and no
rain drip was measured at the ground in the forest,
The canopy intercept for those days was 1 mm day—.
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There was also considerable wariation in the amount of
rain drip that reached the ground. On 153 July 1973
there were 43 mm of rain measured ahove the canopy
and 10 mm measured on the forest Qoor, while nine
days later on 24 July there were 46 mm of rain measured
above the canopy and 36 mm measured on the forest
floor. In both years theére were more days with rain
within the forest canopy than there were on the ground.
Thus, in 1974-75 there were 158 rainy days within the
forest canopy and only 112 days with throughfall 1o the
floor of the forest. Of the approximate 202 cm of rain-
fall, OF cm remained in the [orest canopy and evapo-
rated into the atmosphere.

On an annual basis, the potential evaporation ratio
Ef P was about 609 at the main camp and about 439,
on the floor of the forest. The data show that there
are four to five months during the year when the ratio
indicates very dry periods and seven to eight months
of very wet periods. On an annual basis, the ratio
indicates an excess in the water needs of the forest.

Tapie 1. Moisture budget,

e
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Wind speeds were light in this forested location and
standard measurements in kilometers per hour or
meters per second were nol practicable. & more mean-
ingful measure was the daily air movement or ventila-
tion in unils of kilometers per day, Maximum wind gusts
were on the order of 13-16 km b= Wind dircctions
were primarily from the north +£435°, except just pre-
ceding and during periods of heavy rainfall, when they
mast often shifted 1o a southerly direction. Table 2
shows the wind and rainfall during the two periods of
record.

There waz normally little horizontal air flow during
periods of darkness. During the period discussed here,
heavy fog or low clouds formed at night in the lower
clevations of the river valley. Below the main climate
station on the ridge, there was a heavy overcast which
completely obscured the valley. This fog usually
started to form hetween 2200 and midnight, as the
downslope drainage of air settled to the valley floor. In
1973, this overcast persisted until aboul 0830, After

Top of canopy

Los Altes de Maje, 197375

Forest: floar Canopy intercept

Ewvapora- Evapora-
tion Eain tion Rain Kain
I r IDave B F Dhays & Dinys
Date {om) {em) B P rain (cm) {em) Lrr rain {rm) rain
1973
May 1207 159 076 18 .01 110 (.35 10 449 1%
Jun 426 9.2 017 26 218 16.2 013 19 13.0 25
Jul 6.34 19.4 0.32 21 415 A 0.32 13 o 20
Aug 597 8.5 Q.21 12 202 128 010 13 15.7 ]
Sep L) 24.2 023 23 2,09 ii0 016 14 11.2 21
Ot 373 3.6 015 9 1.78 i 106 23 10.2 28
MNay 4.0 S50 0,10 25 1.3 24 .06 23 15.5 22
Diee 10,76 . 0,59 13 F48 T .54 (4] 27 1
1974
Jam 1221 0.3 407 2 484 0 - 0 0.3 i
Feb 14,85 0 = 0 G223 ¥ - { o 0
Mar 1808 0.1 1505 1 EA43 & — Q 1 1
Apr 1877 1.6 1173 {3 945 0.7 13.5 1 (1R 3
Tatal 120 2031 186 51 1148.7 124 2 i7i
1974
May .63 8.1 .34 17 4.42 124 0,36 18 157 17
Jun T8 30 0,24 ) 1.77 156 011 13 14.4 (]
Jul ST 21 0.23 20 216 132¥ 016 14 BG 12
Aug 6,74 295 .23 P | TAET 144 017 13 15.1 el
Sep 540 16,1 (.29 23 1.73 T.1 0,24 18 12.0 a2
Oct 3.589 41.5 0115 i 1.50 7.1 0,06 23 1.4 31
Nav 5m 2306 025 - iq 2.0 1138 013 18 11.8 22
D 11:55 .4 1.67 5 LR s 1.73 2 +.1 5
1975
Jan 12.87 0 - 0 545 0 0 L] 0
Fel: 1541 0 - 4] 6,78 0 — 0 0 0
Mar 18.08 0 - 0 866 ] — ] 0 0
Apr 19,14 0.5 23.949 5] 10,08 ] =% i 0,08 £]
Tatal 121 .6 166 .7 112 a6 158
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Tarrie 2. Rainfall and wind data at Los Altos de Maje,
Units: rain {mra}, wind {km day™th

Aver-  Daily Aver-  Dhaily
g maxi= e miLsi=
daily  mnm daily mum
Trale Fain  wind  wind Date Bain  wind  wind
L4973 La7d
Maw 150 52 101 Maw 181 L] 1615
*lune 292 3 L& *Jun Al 50 01
*Tul (R 11 i =ful 211 45 %2
A 2EE 4 23 g s ar 1
=8ep 241 13 i *Een 191 At 116
*int et ) (£ 32 *ct 415 M Lt
#: o 395 L4 A4 Flow 236 a4 127
#[nec G 43 85 e i 51 B5
1974 L9735
Jan a 8 il Jan i} 08 55
Feh \] 43 133 Fel ] Bl 114
Mar 1 1] 132 [T 1] s 143
Apr 14 126 187

Apr 5 109 153

* Rainy scasen months; May and December are tripsition  months

beerwspn Elie rainy and dry acasons.

sunrise at about 0600, the air temperatures remained
cnol and no measureable wind was observed until the
cloud had almost evaporated. At that time, the ane-
mometer began to turn slowly and air temperatures
started to rise. This radiation or drainage fog occurred
in both the rainy and dry season. During this period,
the fog never reached the camp site and the overcast
was at least 30 m below the ridge. After the forest
cutting in 1974 and 1975, the level of the overcast rose
to include the camp site and often did not evaporate
until much later in the morning,

As an adjunct to entomological studies, biweekly ob-
servations of wet and dry bulb temperatures were made
throughout a 24 h period at the 1 m level and in the
middle of the canopy at the 20 m level. Tables 3 and 4
show the results of these measurements for the year
1973, when little forest cutting had taken place in the
vicinity of Los Altos de Maje. These tables indicate
both the nighttime (1800-0500) and daytime (a0
1700) temperature and humidity conditions. The range

AFERLIED
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of temperatures near the floor of the forest during the
nighttime was 22-31°C and the daytime range 22-37°C.
The forest is semi-deciduous and near the end of the
dry scason in April, appreciable sunlight may penetrate
to the forest floor. In the canopy, the nighttime range of
temperatures was 22-30°C and the daytime range
22-37°C. The daylime vapor pressures were consist-
ently greater than during the night at both the ground
and within the canopy. There was little vertical gra-
dient of vapor pressure during the night, but daytime
vertical gradients were present and could be increasmg
upward or downward at different months of the year.

4, Discussion

The function of a forest 15 to provide shade and it is
the tree canopy which creates a microclimate. The
canopy intercepts rain showers, reduces the amount of
zolar radiation reaching the ground, and thereby lowers
the air temperature and increases relative humidity. 1t
reduces the wind, permits accumulation of stagnant
moist air and diminishes the rate of evaporation near
the ground.

The average nel radiation at the Hoor of the forest
was about 43% of that at the top of the canopy for
both vears. These data show that much less energy is
available on the floor of the forest for evapotranspira-
tion, and the warming of the air, plants and animals.
They may explain why certain insects prefer the ¢n-
vironment near the floor of the forest, while others
adapt to the canopy of the forest. In April 1974,
during the dry scason, the average daily net radiation
was high, but on one day during the month, the amount
of energy was about 30%, greater than average. This
may affect the activities of animal life in the forest. It
is a comman observation in a tropical forest that on
certain days, everything seems to be moving while on
other days, little animal life is observed. The living
oreanism is not subject to a mean climatic state. On
the contrary, it integrates various effects due to a more

Tanrs 3. Temperature and humidity at the 1 m level in the forest of Los Altes de Maje

for nighttime and daytime perieds.

1973 Tan Feh Man Apr May Jun Jul AuE Hep Qct Now e
180005040
Temeperature {7C)
TRIRE 23-38 1427 2—31 23-31 25-20 T3-27 212-27 25-26 23-E8 22-30 22015 13-30
men 25 26 27 26 e 25 5 4 20 14 14 24
Mean dew paint 24 23 24 23 14 23 24 3 13 13 13 23
Vapar presqure (mb) 2044~ IT.00- FH AL 23.70- 2743 41— 25,40 27.09- 13.03- 15 5.4 2h.04—
TRNES F2.51 2980 3183 KV 5119 An.8z 4,54 34.20 X149 L 3083 012
mean PR 5.1 10,80 2197 2OED .45 0,12 2012 28,718 28.4% 2878 2777
Qa00=1700
Temperzture {C)
AT 3-30 2428 A4-11 2-37 24-35 2E-%1 31-i1 12-3% 22=31 22-27 13=-27 I3-Jk
RN 27 T i 31 7 7 7 27 2 5 25 i
Mean dew paint 25 23 24 24 5 25 25 4 13 24 4 22
Vapor pregsure (mb) 204 1- 20,75 29.42— 2,28~ 641 25.40- 25.40- 1958 24,58 22.35— 2745 21.00G=
TANKE 37.25 ah1s 3217 Ky AR.GO 4001 3090 37.25 11.E6 35506 12,85 an.14
EAT it L F0.4R 2912 315 31,43 £ 10,46 14 .82 2046 27.092

3217
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Tarre 4. Temperature and humidity within the canopy al 21 m level in the forest of Los Altos de Maje

far nighttime and dayvtime periods,

1973 Jan Feh har Aopr May Jun Jub Aug Hep Ot Nov Do
15005
Temperature (70
range T3-28 2E-20 D= 300 2330 23-1% E3-24 22-27 22-20 23-27 22-25 22=26 2326
A 206 25 27 2 I 24 2 | a5 13 24 24
Mean dew point 24 e X 1% 24 3 24 23 235 23 2L 23
Vapor pressure (bl 2743 24.04- 27.08- 2005 Hdl- 25,08 24,72 2 (15 = PR X, 58— 25.30- Ein (i
ringe Y| 2543 32.51 RLLIE FE.5 0 20,80 24,54 214 M4 dd.50 31.15 2812
M ED 2709 27.09 2811 294 a0l 20 £8,45 L8425 EVTT 2811 2197
Caun- 1y
Temperature {7C)
range 23=30 23-3ZL 24-32 23-37 A3=30 FA-32 Fi-32 23-32 2R-32 23-30 23-27 E23-30
fiatEn 27 27 0 an 28 iT Pt A7 24 Ef 25 2
Mean dew point 25 x5 T4 24 25 i5 20 24 24 24 23 22
Vapor pressoce (nb) 204 k= FERIES 2814 24064 2303 Ed M- 25.40- 24— Ed.hd- 2743~ 23.40- 2201~
e e 36.57 3251 A1.83 411,64 R 3V50 4504 ER.A40 ELEG LLEG J2.51 2
mesEn 3217 297 A0, 082 51,15 .49 A2 85 AR A 24 B0 IR.TE 6.75

or less wide range of short-term combinations of differ-
ent climatic factors. For example, in developing a
model of the hygrothermal space occupied by insects
during man-biting activity in the forest the hourly
values of temperature and vapor pressure were used.
The use of monthly or daily means of elimatic elermnents
in bioclimate indices can lead to results that may not
be representative.

The moisture balance of rainfall, evaporation and
runoff is shown in Fig. 5. Throughfall of rain reaching
the forest floor is primarily due to rain drp from the
canopy. In most cases, the quantity of stem flow is
quite small in relatdon Lo throughfall and may be
ignored (Wadsworth, 1967). The rainfall at the top of
the canopy should equal the sum of the potential
evaporation and the throughfall to the forest foor, as-
suming there is little storage over a period of o vear
and the rainfall intercepted by the canopy has all
evaporated. In both vears the sum of the two terms
exceeds the incoming rainfall by 10-13%,. This implies
that the potential evaporation may be in excess of the
actual forest evapotranspiration, or that there is an
error in measurement of the throughfall at the forest
floor. The two measurements may combine to produce
the error, Since the problem of obtaining a truly ac-
curate measure of throughfall in the forcst is very
difficult to solve, the error most probably is larzely
found in the measurement of throughfall. Essentially,
for the two years recorded, there were 2 m of rainfall.
About 1 m was throughfall to the floor of the forest
and approximately 0.5 m evaporated from the forest
floor; thus the runoff was about 0.5 m.

since about 30% of the available rainfall reaches the
forest floor, 1t 15 of interest to consider the ergsive
effects of rainfall in the tropics. The effect may he
substantial since about 2057 of the rain comes in the
form of cloudbursts, which have the capacity to release
1.0 ram of rain per minute for periods of 3 min or more,
The erosive effects of water increaze exponentially with
increase in flow, so that if the flow is doubled, the

scouring capacity quadruples, the carryving capacity
increases 32 times and the size of particles transported
ncreases 04 times (Meggers, 1971},

Singe the microclimate data collection and analyses
were made to support the ecological study, it was neces-
sary to determine what climate elements such as wind,
rain, humidity, evaporation and temperature are uzeful
as the physical environmental background. Gates
(1962} argues that eccologists have been guilivy of
measuring certain climatological factors as inleresting
features of the environment, without relating these
paramelers to physical processes affecting an organism
in question. Wind measurements may fall under such
a classification. The moving air is the wvehicle for
turbulent transfer of momentum, heat, water vapor
and chemicals. In the forest, humidity is a funclion of
the interaction between temperature, precipitation, and
sofl and plant cover, vet the flux of moisture to the air
from evaporating surfaces depends largely on turbulent
motion of air. Although there iz, in seneral, little
ventilation in the tropical forestz of Panama when the
wind fow above the forest is relatively strong and
cuaty, the forest canopy i3 an active exchange zone,
bringing outside drier air through the canopy and ex-
hausting the moist air from near the forest foor {Read,
1968 ).

It is difficult 1o separate variables of the chmate and
relate them to organisms under study. One example
will suffice to show the importance of the physical
clerments 1o the collection of an insect species. The
most abundant man-hiting species of insects collected
during the two periods of record, using man as live
bait, was Culicoddes digbolicus. These are minizcule =and
Oy pests, called “no-secums." During the period May
to December 1973, on days during which 24 h collec-
tions were made—293 273 Culicoldes diabolicus were cal-
lected. About 9997 were collected on davs when it
rained and the winds were Jess than 31 km day=. In
1974 during the same period, 23 174 of these insects
were caught, and again all were collected on days with
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rain. While the total number was much less on the
latler occasion, there were only four days during the
collection period when the winds were less than 31 km
day~" These data seem to suggest that both of these
climatic elements are important in the activity of this
man-biting insect.

As rainfall decreases and the net radiation increases
with clear skies in the dry scason, the wind speeds
increase several times over those of the rainy season.
Although heightened wind speeds and direction shiits
occur preceding heavy rain, it appears that stronger
wind speeds over a period of several days are an in-
variable signature for decreasing rainfall. During the
rainy season, when rainfall does not occur for several
days, the wind speed increases. After a period of no
rain for several days, a slackening of the wind usually
indicates that the rains will resume shortly. During
the dry scason of 1974, there was heavy cutting in the
forested area surrounding the project site in prepara-

tion for flooding of the lowlands, As one result of the
cutting, the wind speeds increased appreciably during
the rainy season of 1974,

When insect collections were in progress in the forest
during davtime periods (0600-1700), the mean vertical
temperature gradient indicated stability with either an
isnthermal vertical temperature profile or a 1°C warmer
canepy temperature. AL night { LR00-03007, the reverse
was true and the vertical gradient of temperature indi-
cated instability, with canopy temperatures 1 0
conler than at ground level, The ecological significance
of the unstable nocturnal temperature gradient is found
in the natural small updrafts and downdraits associated
with an unstable temperature structure, which permits
easier vertical migrations of forest insects at night.
During diurnal periods, the vertical motions of air
might be expected to be dampened by isothermal or
weak temperiture inversions, thus hampering vertical
migrations of insects.
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5. Conclusions

When a project to build a large hydroelectric dam in
the tropics is announced, it is only a matter of time
hefore warnings are forthcoming on the possible conse-
quences thereof, Odten these are concerned with inscct
carriers of disease. Studies bearing on the ecology of an
area to be flooded should he initiated at an early stage
of dam development, so that forecasts based on data
analyses can be taken into account to minimize health
hazards and to prepare models for use in other projects.
Such biclogical studies must be concerned with the
physical factors of the microclimate and itz changes,
since these atmospheric variables are likely (o control,
to a large extent, the densivy fluctuations in the popula-
tions of insect disease carriers.

The changes in the ecological svatem, with impound-
ment, are expected to be drastic and readily identifiable,
The changes in microclimate may be much more subtle,
The preimpoundment microclimate in the forest at
Los Altos de Maje appeared to be one of strong season-
ality, with appreciable changes in the wind flow,
sensible and latent heat flux, evaporation, rainfall and
humidity. The water balance in a tropical {orest is an
important element which, to a large degree, determines
the Lvpe of forest that develops as well as the composi-
lion of the microlimate within that forest. From an
ecological as well as an Dngiilccrinﬂ viewpoint, the
evaporation-precipitation ratio and the amount of sur-
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face runoff from forested land are significant factors to
be considered,
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